Developing and improving of clinical practice guidelines in trauma care and also selecting the appropriate research design and methods in trauma.
Introduction
Injury has become a major cause of death and disability worldwide (1) . Trauma refers to any event or accident and the collection of consequences that occur thereafter, which usually result in physical and mental emergency problems. Impairments, disabilities, and the delayed mental, cognitive, occupational, social, and economic effects of trauma are usually overlooked due to the emergency and critical conditions involved or the urgent care that is needed in most cases. Since traumatic events disrupt the lives of all of the individuals involved, it is necessary that all trauma patients are fully taken care of and well-managed (2) . Most of the initial care and medical services delivered after trauma are expected to be emergent and urgent, and no delay is acceptable. However, as in all other fields of medicine, research is a necessary and inevitable endeavor to achieve the desired improvement in the practice of trauma care. All observations, descriptions, interventions, and control of the events in any research setting should be considered in the context of the real world to provide the most desirable environment for research and learning in trauma care practice.
A Comprehensive Model of Trauma Research
Diagnosis, care, and research in trauma are accounted for in this model. Management of trauma is a matter of art rather than science, as most trauma cases do not follow similar patterns. Natural biological processes of the body and mind eventually are broken in trauma, and for this reason not any single case of trauma research would provide the necessary conditions for a test of predefined hypotheses. Therefore, the proposed model aims to emphasize an evidence-based design comprising 6 sequential steps in 3 parts. It includes the definition of the origin of trauma on the body and the type of trauma, the assessment of the severity of the trauma and extent of the injuries, and finally, the study of the effects of the intervention and formulation of a prospective evidencebased guideline for the prevention and care, as appropriate. The requirement for all these different aspects is probably the reason why trauma research is mainly carried out in trauma centers, trauma research centers, or trauma audit and research networks.
The general trend in the design of a research plan follows the methodologies used in epidemiologic studies. In this model, studies of trauma focus on the case as well as the event; the causal relationship under study is more immediate and the study design and research mentality is meant to be more evidence-based. This model begins with the case and its management as the main event, with the overall goal of progressing to the development of the full evidence-based hypothesis and a long-term research plan (Table 1 ). In Table 1 each level of methodology of research in trauma is characterized by the most appropriate method to be implemented, relevant question(s), design and the epidemiologic context.
Type of Trauma and the Site of Injury

Diagnosis of the Site of Injury
Diagnosis of the site of injury as the initial stage of trauma care is of prime importance, and is part of the primary survey or surveillance program that is carried out during or immediately after the resuscitative phase. Data related to the vital signs and the functional capacities of the body should be recorded or kept in mind at this stage. As a secondary survey, advanced resuscitative measures are taken to save lives and prevent of further trauma from occurring. At this stage the involved vital organs, damaged body parts, and impaired capacities for bodily functions should be noticed. A rapid anatomic examination of the body parts at the traumatized site and related functions prone to damage in trauma is of prime significance.
The main data to be recorded in the initial stage after trauma are:
a) The vital organs involved b) Imminent vital signs c) Vital signs after resuscitation d) Damaged body parts e) Impaired bodily functional capacities f) Status of the body parts prone to damage Major sites of trauma proposed and some relative incidences reported are listed in Table 2 .
Defining the Type and Mechanisms of Trauma
Types of trauma are defined according to the age, gender, and occupation of the trauma patient. The physiologic reactions and psychological status of the patients after trauma differ significantly in various groups, particularly in pediatric, geriatric, and pregnant patients.
The physical characteristics of the direct object that caused the trauma define the main mechanisms of trauma as blunt, penetrating, or explosive. Most studies of trauma follow this category system due to the different consequences of these types of trauma. Other classification schemes for the mechanisms of trauma are based on the type of immediate events causing the damage in trauma. Although the information related to these events is not taken very seriously, it is important and can be collected by general interviews or by special checklists. These events are classified according to the causal incident and are as follows: 
Assessment of the Severity of Trauma and the Magnitude and Prognosis of Damage
Assessment of the Severity of Trauma and the Magnitude of Damage
Assessment of injury severity is an integral component in injury research and injury control (3, 4) . The use of different systems for the assessment of injury severity in quantitative trauma research studies has been quite promising. However, the complexity of many of these systems has restricted their practical application. The main purpose of the use of these systems is the assessment of the severity of trauma and the extent of the injury in terms of quantitative numerical or ordinal parameters. Unlike many other studies regarding trauma, the terms "injury" and "trauma" are not used interchangeably throughout this review article. Thus, a correlation between the severity of trauma and the extent of damage can be studied.
Although the implementation of these inventories renders the clinical states of the patient and the degree of conclusive evaluations less prominent, it improves the level of research methodology and makes research calculations more practical. To increase the level of accuracy Honarpisheh H et al.
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While anatomy, physiology, and host factors may influence the manner in which injury severity is assessed, these variables do not occur in a vacuum. The relevant variables ultimately work together to determine the outcome of a patient care following injury. Importantly, several of the injury severity scales are based only on one aspect of this model ( Figure 1 ). Is there any associated change before and after a given intervention or event?
Interventional study Before-andafter study
Practice in urgent care and emergency medical service setting looking for the prognoses and the expectations in diagnostic and therapeutic management.
Test the hypotheses and formulations for better care and case management.
Is the associated change identified over a controlled intervention verified?
Interventional study Randomized controlled trial -RCT The most widely used clinical system for the assessment of the state of consciousness as a measure of injury severity is the Glasgow Coma Scale (GCS), which is used in first observation in the physical examination immediately after trauma and during the initial recovery phase (5). It is employed widely as a triage and as a set of prognostic indicators. The parameters of the GCS are the best eye response, the best verbal response, and the best motor response to stimuli, and not just any response. The intensities of the stimuli range from no stimulus (spontaneous responses) to painful stimuli. The character of the response ranges from no response to an oriented verbal response, and that of the motor response varies from nil or reflex responses to obeying commands properly and appropriately. These parameters signify the key indicators. Expression of the GCS assessment as a single number less than 8, from 9 to 12 and above 12 is a rough estimate of severe, moderate, and mild injuries, respectively, and is not sufficiently accurate for the purposes of research in trauma. A more detailed formula indicating the score in the 3 components would be more useful in this respect, for example GCS 11= E3 V4 M4. Of note, pediatric GCS scores differ in terms of the responses (Table 3) .
The Organ Injury Scales were developed by the Organ Injury Scaling Committee of the American Association for the Surgery of Trauma (AAST) (6) . It provides a common nomenclature by which physicians may describe the sustained injuries and their severity. In this system, the injuries to each organ are assessed specifically and separately by organ, by mechanism ("blunt" vs. "penetrating") or by anatomic description ("hematoma", "laceration", "contusion", "vascular"). Each organ injury may be graded from 1 to 6; a "1" is assigned to the least severe injury while a "5" is assigned to the most severe injury from which the patient may survive. Grade 6 injuries are, by definition, severe enough to threaten the patient's life. The clinical condition as the indicator used makes this system very useful in trauma research in the clinical setting. The Abbreviated Injury Scale (AIS) is an anatomical scoring system based on the International Classification of Diseases (ICD-9) that has many similarities to the Organ Injury Scales of the AAST. The AIS is not an injury scale, as the difference between AIS1 and AIS2 is not the same as that between AIS4 and AIS5 (6) . In this system, the score assigned is a subjective assessment made by an expert based on 4 criteria implicating threat to life, permanent impairment, treatment period, and energy dissipated. The scoring system is provided in Table 4 .
The Injury Severity Score (ISS) is an anatomical scoring system that provides an overall score for patients with multiple injuries (7). Each injury is assigned an AIS score and is allocated to one of 6 body regions (head, face, chest, abdomen, extremities [including pelvis], and external). Only the highest AIS score in each body region is used. The 3 most severely injured body regions have their scores squared and added together to produce the ISS score. Summing of the squares in this scale provides a greater approximation to mortality prediction (7) . An example of the ISS calculation is shown in Table 5 .
The ISS score results in values from 0 to 75. If an injury is assigned an AIS of 6 (non-survivable injury), the ISS score is assigned as 75. The ISS score is virtually the only anatomical scoring system in use that correlates linearly with mortality, morbidity, hospital stay, and other measures of trauma burden (7) . No single region can be represented more than once in the score (6) . The ISS system is also based on a subjective assessment of severity made by experts and does not differentiate between the injuries of different body regions. The New Injury Severity Score (NISS), which is very similar to the ISS, uses the 3 most severe AIS scores regardless of their body region location. Thus, multiple injuries within the same body region can be considered with the NISS. The following example from an individual with 5 injuries in 4 body regions illustrates the difference between the scales in (Table 6) .
A conversion system relates specific ICD codes to AIS codes; therefore, it is possible to derive ISS and NISS scores from ICD-9-CM Codes. A computer program allows this process to be automated with existing medical datasets. The Anatomic Profile (AP) system, not widely used in injury severity scoring, also uses AIS severity scores, and its measure is made up of four components (labeled A through D). The A, B, and C components represent serious injuries, which correspond to AIS scores of 3 or greater. The AP differs from the ISS (and is similar to the NISS) as it includes multiple injuries within a body region in its assessment ( Table 7) .
The Revised Trauma Score (RTS), the most widely used physiologic measure, is not limited to patients with brain trauma or central nervous system involvement. It provides a scored assessment of the physiology of the individual based upon the values of 3 indicators: respira- tory rate (RR), blood pressure, and the GCS; it is the sole value that is documented in record systems upon patient arrival at the hospital for triage decisions or to determine which patients go to Level 1 or Level 2 trauma centers. This assessment may also be used for determining prognosis if the RTS on arrival is compared to the best RTS after resuscitation (Table 8) .
Intubation restricts the assessment of verbal responses and RR; therefore, the motor response and eye response of the GCS should be used as estimates of these, respectively, or alternatively, pulse rate or systolic blood pressure (SBP) values should be used alone. When used for outcome analysis (non-triage uses), the scores in each clinical category (RR, blood pressure, GCS) of the RTS are weighted. These values provide more accurate assessments of outcome than the non-weighted RTS, and correlate well with the probability of survival. The value weights are based upon outcome data from the Major Trauma Outcome Study (MTOS) (8) . The RTS value is obtained from the following formula: RTS = 0.9368 GCS + 0.7326 SBP + 0.2908 RR It is possible to model survival probability following trauma by the use of anatomic measures, physiologic measures, and age in combination. The methods that are predominantly implemented are the Trauma and Injury Severity Score (TRISS) and A Severity Characterization of Trauma (ASCOT) measure. In TRISS the probability of survival is assessed based upon the RTS, mechanism of injury (blunt/penetrating), age, and ISS, while in ASCOT the AP score is used in place of ISS (6) . Table 9 . The Probability of Survival According to the Trauma and Injury Severity Score (TRISS) a b0-b3, Co efficient indexes Honarpisheh H et al.
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Class I Simple fracture of the crown involving little or no dentin Class II Extensive fracture of the crown involving considerable dentin but not the pulp Class III Extensive fracture of the crown with exposure of the pulp Class IV A fracture in which the entire crown has been lost The Regression Formula and the Corresponding Coefficients used in TRISS ( Table 9) as Follow:
Ps=1 / (1+ e-b) b=b 0 +b 1 (RTS)+b 2 (ISS)+b 3 (Age Index) As noted above, the coefficients b0-b 3 is derived from multiple regression analysis of the Major Trauma Outcome Study (MTOS) database. The Age Index is 0 if the patient is below 54 years of age or 1 if the patient is 55 years and over. The coefficients b 0 to b 3 are different for blunt and penetrating trauma. If the patient is younger than 15, the blunt index for b 3 (Age) is used regardless of mechanism (9) . These methods seem promising in quantitative studies of trauma research regarding the age factor, type of trauma, and measures of injury severity.
An observational cohort study assessed whether Standardized Assessment of Concussion (SAC) scores and graded symptom checklist scores correlate with symptom severity in children with minor trauma brain injury (mTBI) and with other indicators of mTBI severity, including loss of consciousness and concussion grade (10) . In this study, SAC and a graded symptom checklist scores of 348 children aged 6 to 18 years who presented at an emergency department (ED) with blunt head injury (case-patients) and minor extremity injury (controls) were compared. Among case-patients, SAC and graded symptom checklist scores were also compared to American Academy of Neurology (AAN) concussion grades and with the occurrence of loss of consciousness and presence of posttraumatic amnesia. There was a non-significant trend for SAC scores to be lower, reflecting worse cognitive deficits in casepatients relative to controls; however,case-patients had significantly higher graded symptom checklist scores than controls, and the presence of altered mental status in case-patients magnified this effect. Of note, the graded symptom checklist scores were positively correlated with post-traumatic amnesia and AAN concussion grade. The graded symptom checklist reliably identified minor trauma brain injury (mTBI) symptoms for all children aged 6 years and older, as noted by the authors. SAC scores tended to be lower for case-patients compared to controls but did not reach significance. Patients with altered mental status at the time of injury manifest an increased number and severity of symptoms. The authors conclude, "We have demonstrated that the graded symptom checklist within the SAC systematically identifies the symptoms of mTBI in a school-aged pediatric population.... Future efforts should focus on creating a rapid, easily administered tool for detecting the cognitive effects of mTBI in children that accounts for developmental differences and provides an assessment of the likelihood for developing post-concussive syndrome" (10) . A system of classification is used in the management of dental trauma in pediatrics, as shown in Table 10 .
Other systems of assessment of injury indicating the severity of trauma are summarized in Table 11 .
Prognosis of Injuries
One major reason for the development of new emerging systems of trauma assessment and scoring is to obtain a more precise and accurate estimate of the prognosis of the outcome of injuries, and to provide the corresponding medical care and interventions by creating more reliable practice guidelines. Assessment of the severity of trauma and the extent of related injuries do not always follow a predictable pattern and vary with other factors such as age, anthropometric parameters, and the patient's physiological reserve functions. The immediate factors of any type of trauma (blunt, penetrating, or explosive) and the scores of assessment are neither so accurate nor remain unchanging as to successfully predict the long-term course of prognosis. The initial care and latent factors should be considered in the management of trauma and it would be beneficial to include these factors in a more comprehensive longitudinal research study of trauma. Furthermore, measures related to patient safety and medical errors that occur in the line of medical services rendered after trauma should be taken into consideration in trauma research. Therefore, a category of factors unique to each case of trauma and injury should be regarded. Review studies of more than 100 articles regarding the use of biomarkers and prospective studies in the research of brain trauma have shown that among all biomarkers (including spectrin-100B, amyloid beta, C tau, neuron specific enolase, and etc.) only the spectrin S-100B breakdown product has acceptable forecasting abilities regarding the later outcomes of trauma under the conditions of the study (11) . Studies regarding the cellular and molecular changes in trauma, the effects of drugs and other medical interventions, and the following bodily physiological repair mechanisms are ongoing (12) . The clinical parameters of the GCS system are used for this purpose; however, the great variation in the method and lack of a comprehensive approach in these studies has made it difficult to obtain a defined model (4) . In some of the reported cases, the response of eye pupils to light has shown useful predictive value for the outcomes of trauma in patients with either low or high GCS scores (5). It is likely that other psychosocial, cognitive, occupational, and personality factors affect the outcome of trauma and the prognosis of its management, hence local and case-specific models would be important tools for trauma research centers.
Intervention and Follow-up
Investigating the Expected Effects of Interventions After Trauma
The framework of intervention in this model is similar to that of the guidelines for the essential trauma care project (ETC) proposed by the world health organization (WHO). Its primary goal is to assure optimal care of the injured patient across the range of health facilities everywhere, from rural health posts (health houses) whose staff do not have training as doctors, to health network centers staffed by general practitioners, hospitals staffed by specialists (specialist-staffed hospitals), and tertiary care centers, while taking into account the varying resource availability across the spectrum of lowand middle-income individuals. The next step for the research work in our model focuses on performance improvement. These guidelines are designed primarily for health care planners, administrators, other clinicians, and health workers that are involved with the trauma team as well.
Guidelines for essential trauma care are crucial, as during their development it was reported that the authors sought to define inexpensive, feasible, minimal standards that would be applicable virtually everywhere in the world (1) . These individuals also sought to identify ways of reinforcing existing systems of trauma care in all locations in the world, including the spectrum of conditions found in both low-and middle-income areas.
In this process, a list of medical goals was developed that would be feasible for most injured individuals everywhere. These can be viewed as the "needs of the injured patient." To achieve these goals, the input of human and physical resources in the form of a template must be utilized according to best practices to ensure the best possible outcome.
The essential trauma care interventions are categorized into 3 broad sets of needs: 1) Life-threatening injuries are appropriately treated, promptly and in accordance with appropriate priorities, so as to maximize the likelihood of survival.
2) Potentially disabling injuries are treated appropriately, so as to minimize functional impairment and to maximize the return to independence and participation in community life.
3) Pain and psychological suffering are minimized. Within these 3 categories, there are several specific medical goals that are highly achievable and are subcategorized in Table 12 .
There are 14 categories of trauma care, each with a basic resource and brief explanation of the rationale used in determining which elements of care are considered essential or desirable. The precise procedures of the interventions referred to as knowledge and skills should be recorded in reference to the above goals, along with the available human and physical resources that are used under the list of equipment and supplies, as well as the items needed for optimal performance of these procedures. The most appropriate method of research to be employed at this stage is either a case study or a before-and-after study, as they are the most useful study methodologies that are used quite frequently in injury research. The value of such studies lies in the usefulness of the findings and suggestions in the preparation, development, or improvement of practice guidelines for the case, the elucidation of clinical or critical pathways involved, and establishment of a clinical protocol that is appropriate to the specific care required.
Development of Conclusive, Evidence-Based Suggestions or Guidelines
Practice guidelines assist practitioners in making decisions regarding appropriate health care for specific clinical circumstances; however, they are not standards or rules. Guidelines can be as simple or as detailed as a managed care organization deems necessary to provide proper care to members and to consistently monitor the quality of care provided (13) . In this respect, it is important to understand that the application of specific guidelines are not required, but are just suggestions in planning methods for improving clinical processes or increasing the cost effectiveness and appropriateness of trauma care. The spoken language is important in the preparation of assessment forms and guidelines and should be considered in exclusion criteria.
Research provides information about the need for, the improvement of, and the effects of programs and policies in trauma; evaluative research and mixed method research, more than 40 different studies of which have been reported, contains promising new information to learn and employ.
Discussion
Six stages of a complete and comprehensive trauma research study may be considered at 3 levels: primary, intermediate, and advanced categories. At each stage, the main operational activities are sequenced in a way that provides the necessary themes for a conclusive study if it is necessary to discontinue, depending on the design of the study being carried out and the presumptive biases. The focus of study should be the significant events, including the trauma and medical care interventions, obtaining information about the subject (s) before and after trauma, and any improvements that can be made to the management of trauma and the follow-up period after treatment. Though not as strong as a randomized, controlled trial (RCT) in establishing a cause and effect study, the low cost, convenience, simplicity, and fewer problems of randomization and ethical concerns are the advantages of these methods. This generic model for the research in trauma should prove helpful, and is shown in Table 13 .
Every case of trauma and injury should be taken under study; hence, a case study would be the initial step in the study design.
Considering all of the factors needed in a comprehensive trauma study, there are 5 categories of information that should be temporally distinguished as follows:
a) Information about the subject before the trauma b) Information about the trauma c) Information about the subject and the injuries after the trauma d) Information about the intervention (medical care and treatments) e) Information about the subject after the intervention In selecting the most appropriate trauma research design, the time, source of data, and the method of data gathering and analysis are significant factors to consider. It is important to take into account the time frame with respect to the incidence of trauma and the intervention that is applied. This consideration would aid trauma investigators in distinguishing between observed changes due to time trends and changes due to trauma and intervention. The type of information that is collected includ- (1) ing the site of trauma, injury, and management as well as the best sources of information and data can be determined in the study design. One may also conduct longterm before-and-after studies or a detailed prolonged case study as comprehensive interventional studies in trauma research. Reports of these studies may be abstracted and outlined, including the following elements:
• 
